We aimed to identify factors such as pre-arthroscopy and intra-operative variables that were associated with failure of hip arthroscopy as a joint preserving operation. We performed a retrospective analysis of a database containing 344 consecutive hip arthroscopies performed at our institution. Forty-four hips were identified that underwent a subsequent arthroplasty procedure following their hip arthroscopy (cases). Sixty-six control hips (hip arthroscopy with no subsequent arthroplasty) were randomly selected from the same database. Cases and controls were matched for age, sex and follow-up (P ¼ 0.59, 0.48, 0.10, respectively). Pre-operative radiographs/ MRI scans plus intra-operative findings were analysed to identify factors associated with failure. Both a lower centre edge angle and higher acetabular index on pre-operative radiographs were associated with higher rates of failure (P < 0.001). The presence of any acetabular wear at operation was also associated with failure (P < 0.001). Highest rates of failure were seen in hips with both features of dysplasia on pre-operative radiographs and any intra-operative acetabular wear (relative risk: 5, odds ratio: 9.13, P < 0.001). Dysplastic features on pre-operative radiographs and the finding of acetabular wear at hip arthroscopy increase the risk of subsequent arthroplasty. Identification of these features pre-operatively with evolving imaging techniques would improve the results of hip arthroscopy as joint preserving surgery.
INTRODUCTION
Hip arthroscopy is rapidly becoming a more frequently performed procedure; the UK National Non-Arthroplasty Hip Registry reported a greater than doubling in the number of arthroscopies performed between 2012 and 2015 [1] . Similar trends have been observed in the United States [2] . Overall, hip arthroscopy has been shown to be a safe and successful intervention for a wide variety of indications [2] [3] [4] . Unfortunately, conversion to an ipsilateral total hip replacement (THR) following hip arthroscopy is necessary up to 16% of patients [5] [6] [7] . Identifying factors pre-operatively that might predict the need for subsequent arthroplasty would benefit both patient and surgeon. Previous retrospective case series have focused upon determining why hip arthroscopy fails for a specific diagnosis, for example femoroacetabular impingement (FAI) [8] [9] [10] .
There has been a lack of studies comparing cohorts of failed (requiring arthroplasty) and preserved hips following arthroscopy in patients that are matched for age and sex, regardless of initial diagnosis. Consequently, there remains the need to clarify factors that limit hip arthroscopy as an arthroplasty-sparing procedure without the aforementioned selection bias of a specific diagnosis.
In our single centre, case control study aimed to (i) identify features on pre-operative radiographs that might predict failure of arthroscopy and necessity for subsequent arthroplasty and (ii) determine intra-operative findings associated with the failure of hip arthroscopy as joint preserving surgery which may be identifiable on pre-operative imaging thus allowing surgeons in the future to better identify suitable patients for joint preserving surgery as well as inform both surgeon and patient of the likelihood of success of their arthroscopic hip surgery.
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MATERIALS AND METHODS
This is a retrospective, case-controlled study performed at a single District General Hospital in the United Kingdom. The study was performed as a service evaluation and therefore did not require National Health Service (NHS) Research Ethics Committee, NHS/Health and Social Care (HSC) R&D Office or Health Research Authority (HRA) approval (http://www.hra.nhs.uk/research-community/be fore-you-apply/determine-whether-your-study-is-research/ # sthash.UDz6enkk.dpuf).
A prospectively collected database of hip arthroscopy patients between 2008 and 2012 was reviewed. During this 5-year period, 344 hip arthroscopies were recorded, from which 'cases' were identified as having undergone hip arthroscopy and needing a subsequent, ipsilateral, hip arthroplasty procedure. A control cohort (patients who had a hip arthroscopy but no subsequent arthroplasty procedure) were selected being matched for age and sex. All patients, including those referred from regional hospitals, were followed up for a minimum of 2 years post-arthroscopy at the Royal Berkshire Hospital, with the length of follow-up being defined as the last clinical review.
Based on previous work by McCarthy et al. [11] investigating the failure rate of hip arthroscopy dependent on the degree of cartilaginous wear we calculated, we would need 10 hips in each group to detect a significant difference for individual factors (power ¼ 0.8, a < 0.5). We decided on a ratio of 1:1.5 (cases: controls) for our study to ensure that our study was sufficiently powered. A total of 44 cases were identified and 66 controls were selected. The overall study population comprised 81 female patients (34 cases, 47 controls) and 29 male patients (10 cases, 19 controls).
All surgeries were performed by two very experienced hip arthroscopists who offer a tertiary referral service for hip arthroscopy in the United Kingdom. The patients included in this study are from their NHS practice only, which amounts to half of each of their practices. There was no significant difference in the rate of conversion to THR between surgeons.
Hip arthroscopy was performed with the patient supine with a specialized hip distractor table. Traction was first applied to the contralateral leg and then to the ipsilateral leg. The first portal (anterolateral) was sited under fluoroscopic guidance. An anterior portal was created under direct vision. The central compartment was assessed first. For patients with a CAM deformity of the femoral neck, an osteochondroplasty was performed with fluoroscopy used to assess adequate resection. Pincer resection was performed with or without a labral takedown depending on the size of deformity and planned correction of the centre edge angle (CEA). Labral pathology was addressed with knotless anchors for repairable tears or radiofrequency ablation for non-repairable tears. Labral repair was always carried out in preference to debridement. Isolated University College London Hospital (UCLH) grade 4a [12] chondral lesions were treated with microfracture. As our standard practice was to not carry out an inter-portal capsulotomy, the authors do not routinely carry out a capsular repair. At the end of the procedure, the joint was infused with local anaesthetic.
All patients had a standardized post-operative rehabilitation comprising overnight stay and physiotherapy; they were mobilized fully weight bearing, unless microfracture was performed, in which case, up to 3 weeks of protected weight bearing was instigated. Initial follow-up was at 6 weeks with subsequent reviews at 3 months, 6 months and 1 year postoperation. Additional follow-up was determined by patient symptoms. All patients were recommended to complete a 2-week course of non-steroidal anti-inflammatory medication as an analgesic and heterotopic ossification prophylaxis unless contra-indicated.
The primary outcome was the requirement for a hip arthroplasty operation (either hip resurfacing or THR) following a hip arthroscopy within the study follow-up period (minimum of 2 years). We analysed both pre-operative and intra-operative variables to identify factors that influenced this outcome.
For all patients, cases and controls, a supine anteriorposterior (AP), pre-operative, pelvic radiograph was obtained. The use of CT scan was on a patient-by-patient basis and not routine in our practice. Each radiograph was analysed by a single orthopaedic resident (OD) using HipMorf software [13] to obtain the acetabular index (AI), head extrusion index (HEI), lateral CEA of Wiberg and alpha angle (aA). Hips were graded for features of osteoarthritis using the Kellgren-Lawrence system [14] . Corresponding MRI scans, which were available for 35 (79.5%) cases and 43 (65.2%) controls were also reviewed for labral pathology, evidence of cartilage damage and FAI. MRI scans were not available for some patients who were referred from regional hospitals for tertiary opinions. These scans were performed locally being available only on compact disc, pre-dating our institutions digital archiving of scans. The pre-operative diagnosis was obtained for all patients from the operative notes.
Inter-and intra-observer error was checked by using a randomly selected sample of 10 hips, which were reanalysed by the primary author (O.D.) and by a hip preservation fellow (G.G.).
Intra-operative features were identified by scrutinising the surgical records (intra-operative photographs and operation notes). A record was made of the types of procedures performed (e.g. microfracture, osteochondroplasty, etc.), and the presence and location of any acetabular cartilage damage as per the UCHL grading system. Presence of femoral head damage was also recorded as was the presence and location of any labral pathology.
Comparison was made between cases and controls for differences in the presence, extent and location of acetabular wear found at the time of arthroscopy. The presence of labral pathology was also compared between the two groups. We compared the two groups for the difference in dysplastic features (defined as AI >10
and CEA <25 ) [15] on pre-operative radiographs. Sub-group analysis for combined effect of dysplastic features and cartilaginous wear was also performed.
Non-parametric, bivariate, regression analyses using Mann-Whitney U-tests and Chi-squared tests were performed for all categorical variables to identify if there were links to increased hip arthroscopy failure. Significance was set at P < 0.05. All statistical analysis was performed using SPSS, version 13, software (IBM, New York, USA). Table I) .
RESULTS

Cases
Radiographic analysis had both excellent intra-(k: 0.73-0.85, P ¼ 0.001-0.003) and inter-(k: 0.71-0.82, P ¼ 0.002-0.005) observer reliability. Cases had a lower CEA compared with controls (mean ¼ 19.0 versus 25.5 , P < 0.001), higher AI (mean ¼ 10.2 versus 5.9 , P < 0.001) and higher HEI (mean ¼ 0.46 versus 0.32, P < 0.001). There was no significant difference in the Kellgren-Lawrence grade for the operated hip between cases and controls on pre-operative radiographs (P ¼ 0.84).
For the 78 patients (70.9%) whom had a prearthroscopy MRI available, the MRI did not reveal any significant relationship between pathology identified and failure of arthroscopy (Table II) , except for the presence of a labral tear that was subsequently found to be irreparable at the time of arthroscopy doubled the risk of the hip failing (risk ratio: 2.1; odds ratio: 4.67; P ¼ 0.01).
Comparison of pre-operative MRIs and the intra-operative findings revealed, 49 hips having no acetabular chondral damage pre-operatively with 31 of these hips having the same finding intra-operatively. In 18 cases acetabular wear was present on arthroscopy having not been identified on pre-operative MRI. Conversely, 29 MRIs showed a definite or possible cartilaginous lesion of the acetabulum, 24 of which were confirmed intra-operatively with only 5 hips having no acetabular wear (Fig. 1) . The sensitivity and specificity of pre-arthroscopy MRI scans, in our series, for acetabular cartilaginous wear was 57.14% (CI: 40.96-72.28%) and 86.49% (71.23-95.46%), respectively.
At arthroscopy presence of any acetabular cartilage wear (P < 0.001) and wear on the femoral head (P ¼ 0.002) were both associated with increased risk of requiring subsequent arthroplasty. Cases had more extensive cartilaginous wear of the acetabulum than controls with a mean of 1.41 versus 0.58 UCHL zones [12] . There was a predominance of superior acetabular involvement in cases (mean ¼ 0.89 versus 0.39 superior zones, P ¼ 0.001). Thirty of the cases (68.1%) had at least 1 superior acetabular zone demonstrating wear compared with 19 (28.8%) of the controls.
Of the cases, 15 underwent a labral repair, 33 had an osteochondroplasty and 12 had a microfracture performed (compared with 31, 53 and 8, respectively for the control cohort). None of these interventions were found to significantly alter the risk for subsequent arthroplasty (Table III) . Thirty-four and 43 other additional procedures were performed for cases and controls, respectively (Table IV) ; with no difference between the two groups (P ¼ 0.2). Of note, one failed hip had an osteophytectomy, one an osteophytectomy and labral debridement and another two patients needed removal of loose bodies; none of the control cohort underwent any of these procedures.
Hips with both dysplastic features on pre-arthroscopy AP radiographs and also cartilaginous wear of the acetabulum at time of operation had the highest risk of failure in 21 (47.7%) of cases and only 6 (9%) of controls (P < 0.001). This represented a 5-fold increased risk of requiring a subsequent arthroplasty (odds ratio: 9.13, P < 0.001). The best chance for survival was seen in hips that had no dysplasia (defined as LCEA <25 and/or AI >10 [15, 16] ) and no wear (relative risk ¼ 5, odds ratio ¼ 0.11, P < 0.001).
DISCUSSION
Our retrospective study of 110 patients confirms that the presence of cartilaginous wear and hip dysplasia predispose patients to early hip arthroplasty following arthroscopy, with the presence of both conferring a 5-fold increased risk of subsequent arthroplasty.
Wear in the superior zones of the acetabulum was more prevalent among our failed cohort of patients. This observation possibly results from the increased dysplastic features seen in our failed hips as resultant under-coverage will lead to rim loading and wear in superior zones [17, 18] , particularly UCLH zone 2. This is contrary to Dwyer et al. [19] , who reported that anterior acetabular wear increased the risk of needing an arthroplasty procedure but superior wear was not an independent risk factor. Features of dysplasia on pre-operative radiographs seem to suggest limited success for hip arthroscopy; Larson et al. [20] showed that the more severe the dysplasia, the less the likelihood that arthroscopy can be effective as hip preserving surgery. This, however, appears to represent a point on a spectrum and we feel that hip arthroscopy still has a role in the management of patients with mild dysplasia although this needs further exploration [21] .
Intra-operatively we found that the presence of chondral lesions was the feature most likely to predispose to failure of arthroscopy. The detection of these lesions on pre-operative MRI was limited; our series showed a sensitivity of 57.1% and specificity 86.5% for detection of acetabular wear. This is not dissimilar from previously reported rates of cartilage lesion detection [22] [23] [24] , which similarly used 1.5-Tesla MRI scanners with a variety of unenhanced and enhanced techniques. With the continuing improvement of MRI modalities for imaging the hip, especially the use of dGEMERIC sequencing [25, 26] , T2 mapping [26, 27] and 3-Tesla MRI [28] , pre-operative identification of chondral pathology may be improved so helping to guide surgical treatment.
Haviv et al. [5] reported a retrospective case series of 564 hip arthroscopies with mean follow-up of 3.2 years and a 16% conversion rate to total hip arthroplasty. This study was claimed to demonstrate that patients with more significant degenerative changes had a shorter time interval to arthroplasty but 75% of patients with severe osteoarthritis did not require arthroplasty. Our study did demonstrate a significant correlation between degenerative changes at arthroscopy and the requirement for arthroplasty.
A review of six studies [5, 8, 9, 11, 29, 30] in 2013 by McCarthy and Mc Millan [31] concluded that OA was the biggest predictor of a failed hip arthroscopy. These same studies reported a wide range in conversion rate to THR from 9% [8, 30] to 37% [11] . Our series had a failure rate at the lower end of this range (12.8%). Egerton et al. [32] investigated the influence of cartilage wear on outcome scores following hip arthroscopies. Using the modified Harris hip score and non-arthritic hip score (NAHS), they described an overall improvement in both scoring systems following hip arthroscopy in 560 patients although this was less in patients with cartilage defects. Acetabular dysplasia has been reported to negatively influence outcomes of hip arthroscopy. Ross et al. [33] looked at 30 hips that failed hip arthroscopy requiring periacetabular osteotomy. They found that that these patients had an average CEA of 14.7 and acetabular inclination of 16.3 . Other studies [19] have demonstrated some success with hip arthroscopy for mild dysplasia when the presence of cartilage wear did predict the need for THR at a mean interval of 2.7(62.3) years.
Our study has some limitations. Our study was predominantly a single surgeon series and so may not be representative of the 'global' hip arthroscopy practice. Second, we have not been able to fully determine whether patients who went onto arthroplasty had any symptomatic improvement post-arthroscopy prior to their arthroplasty procedure. We have hip disability and osteoarthritis outcome scores (HOOS) and NAHS for 17 of the 44 cases but as this represents only 38.6% of the cases and lack control comparators so we did not include these in our final analysis. Where available for cases there was a fall in their HOOS scores post-arthroscopy but an improvement in their NAHS (À6.88 points and þ8.67 points, respectively, Table V ). HOOS has a minimal clinically important difference for hip arthroscopy of 9 and 6 for activities of daily living and sports, respectively [34] . Prospective collection of patient-reported outcome measures (PROMs) pre-and post-arthroscopy would overcome this limitation, as ultimately it is the patient who truly decides if a procedure is successful or not. Finally, performing a retrospective analysis meant determining a patient's exact primary presenting symptom was not possible, for example a young patient with degenerative changes of the hip may have primarily complained of mechanical symptoms rather than pain thus indicating that a hip arthroscopy rather than an arthroplasty procedure would be of benefit. Features such as this could cause selection bias in our failed cases. This study demonstrates that both dysplastic features present on the pre-operative radiographs and articular wear present at arthroscopy greatly increase the risk of subsequent arthroplasty; the combination of dysplasia with articular wear incurs a 5-fold increased risk. Identifying these features pre-operatively will aim to improve the results of hip arthroscopy as joint preserving surgery; however, the limitations of pre-operative imaging techniques currently make this challenging. HOOS, hip disability and osteoarthritis outcome score; HOOS-SF, short form hip disability and osteoarthritis outcome score; NAHS, non-arthritic hip score.
